We explore the context-specic determinants of broadband takeup among small-and medium-sized enterprises (SMEs), attempting to shed some light on the sources of the considerable geographic variation in particular. We begin by discussing the determinants of broadband adoption as identied in relevant literature, relate these to the Irish situation and put forward a number of hypotheses. Using cross-section data from a ComReg survey of Irish-based SMEs, we then estimate a logit model of broadband adoption. Findings indicate that, among other factors, a company's industrial sector and other demand proxies are good predictors of broadband adoption. Controlling for other factors, regional market concentration appears to be negatively associated with the probability of broadband adoption. We propose that, in the absence of more detailed information, statistics on regional-level market structure could be a promising indicator of the supply-side. 1 1 Following the spatial units employed in the ComReg survey, regions are dened here as sub-national territorial units (provinces / cities).
Introduction
A growing number of business operations are becoming dependent on network access seeking cost and eciency improvements. The set of end-point connection technologies that have collectively become known as broadband represents a response to an ever-increasing need for aordable, high-bandwidth, always-on connections. Broadband (in conjunction with the broader upgrading of Internet infrastructure in the form of IPv6) promise to extend the scope of Internet applications to, among other things, high denition media delivery and telephony.
The opportunities aorded to businesses by the move to broadband have been highlighted in numerous policy-oriented documents (DCMNR, 2003; CEC, 2004; OECD, 2005; Forfás, 2005) .
For all its wonders though the spread of broadband has been spatially uneven. Takeup rates vary considerably across countries (CEC, 2004b; OECD, 2006) and at the national level, across regions (Strover, 2001; Grubesic, 2002; Prieger, 2003; CEC, 2006) . Some argue that, given the benets of adoption, uneven takeup contributes to a new kind of inequality often referred to as a digital divide (Davison and Cotten, 2003; Prieger, 2003; McCaery, 2003) .
Identifying the causes of takeup variation is central to bridging this divide.
A review of international empirical literature points to numerous determinants. Dierent levels of demand (and their proxies) explain a part of this trend (Grubesic, 2002; Madden and Coble-Neal, 2003; Prieger, 2003) . Companies of dierent sizes and with distinct operational needs are likely to exhibit varying levels of demand for bandwidth (Forman et al., 2005) . In addition, adoption experiences may dier due to supply-side factors. High deployment costs, uncertainty, technological limitations and obstacles in securing access to infrastructure as well as local market conditions have meant that the broadband Internet service provider (ISP) market is often spatially fragmented (Greenstein, 2000; van Gorp et al., 2006) . In eect, prospective adopters face dierent broadband access costs and choice of products depending on their location. Moreover, dierent levels of competition imply varying levels of marketing intensity, a key factor in the diusion of information (Rogers, 2003) regarding the benets and costs of broadband.
In this paper we attempt to account for the currently observable dierences in corporate broadband penetration across Ireland. Our analysis is informed by a number of a secondary sources, while the analytical part is based on a survey of small-and medium-sized enterprises. The survey indicates that both the number of providers active in each region 1 and their regional market shares vary considerably. We hypothesise that regionally dierentiated competition may be an important explanatory factor in the Irish case. Econometric analysis indicates that demand-side factors explain a large part of the trend. Moreover, geographically dierentiated competition appears to be an important determinant of broadband adoption. However, it is unclear whether this is a cause or a consequence of regional takeup variation. In any case, we argue that, in addition to existing measures 2 of service supply, a more accurate picture of the supplyside may be attained by the inclusion of market structure statistics, ideally ones that are disaggregated geographically.
Background

Broadband Connection Platforms: Opportunities and Limitations
Broadband, dened as high-speed 3 , always on Internet connectivity, can be delivered to the end customer by a variety of means. Digital Subscriber Line (DSL) and Cable broadband feature among the most popular connection platforms (Bar, et al. 2000; OECD, 2005; Distaso et al., 2006) . The former uses microwave technology to carry Internet data across conventional telephony lines, while the latter utilises a similar technology to take advantage of cable television networks. Importantly, neither platform has an impact on the traditional uses of such infrastructure as both technologies transfer data without interfering with voice or television trac.
DSL has been the primary vehicle for the proliferation of broadband in the EU (including Ireland). Its popularity is owed in no small part in its ability U.S. survey data reveal an overwhelming unanimity that broadband is highly desirable but at the same time a lack of knowledge regarding its potential uses.
This raises the possibility that demand may shift as high visibility applications requiring broadband become increasingly popular.
In the early years, Internet diusion was fuelled by industries and professions that relied heavily upon information (Cairncross, 1997 Empirical studies looking at corporate (or indeed SME) broadband adoption patterns have so far attracted little academic interest. The work of Forman et al.
(2005) is a notable exception. They nd that demand for frontier technologies, is associated with urban locations; they propose that this is due to the geographic concentration of information-intensive rms in these areas.
Finally, a common nding among empirical studies of corporate technology diusion is that dierent types of rms exhibit a varying propensity to embrace modern innovations because of their inherent or acquired characteristics. These include the company's size, the industrial sector it operates in and the attributes of the human resources it employs (Karshenas and Stoneman, 1995; Geroski, 1999; Sadowski et al., 2002) . The fact is that not all rms have the same internal technological needs or face the same external pressures.
The determinants of corporate broadband adoption are bound to be highly context-specic and in that respect are best established by way of detailed case study. 7 
The Market for Broadband Services in Ireland
The liberalisation of telecommunications throughout Europe during the 1990s has not been without problems. Deregulation policies have had a varying degree of success in fullling the aspiration of a smooth transition from a statedominated to a fully competitive market. As anticipated early on by Trauth and Pitt (1992), the aim of market eciency was often contrasted against that of protecting domestic markets from foreign competition. In many cases exstate operators still control much of the broadband infrastructure, presenting impediments for new entrants.
In Ireland the privatisation of Bord Telecom Éireann in July 1999 was seen as an important step in the liberalisation process. The resulting company, now known as Eircom, inherited control of the telephony infrastructure, under the supervision of the newly formed Commission for Communications Regulation 9 (ComReg) . A major concern of the transition to liberalisation was the vulnerability of Eircom to foreign competition, especially given the company's relatively small size (MacMahon, 1995; Begg, 1995) . Moreover, Irish regulatory policy was complicated by Eircom's position as a major provider of employment; regulators were warned early on that any interventions would impinge on a particularly sensitive area of public policy (see Begg, 1995: 309-311 There is recognition on the part of policy makers that lack of provision is adding 
Research Methodology
The empirical part of this paper is based on a survey of Irish SMEs and has two primary aims. First, we want to ascertain the level of corporate broadband adoption throughout Ireland at the time of the survey and construct some regionally dierentiated measures of competition in the ISP market. Second, we want to identify some of the determinants of broadband takeup and in particular, establish whether regional variation in ISP competition is conditioning the likelihood of adoption.
To begin with, we use the supplied survey data to construct quantitative variables. We then perform simple cross-tabulations of broadband adopters by company size, industry and geographic location. Following this, we present our measures of supply-side competition (and their rationale) and construct quantitative estimates on the basis of the survey data.
On attempting to establish whether our competition measures are associated with the likelihood of adoption we employ econometric modelling. We use a qualitative econometric estimation technique (logit) that is well suited to the analysis of survey-type data. We commence this exercise by performing exploratory bivariate correlations (Pearson's R) between plausible determinants and a broadband adoption dummy. We then estimate a logit model of broad- Inevitably, adjusting the data to the objectives of our study meant that the initial sample size of 550 was reduced. In order to conform with the widely accepted denition of SMEs (CEC, 1996), we have excluded responses from public sector establishments and companies with more than 250 employees. The result was a narrowed down sample of 511 SMEs. Additionally, as is common with questionnaire-based surveys, the data suers from a form of censoring; some respondents did not provide an answer for all the variables of interest. In Galway demonstrating higher takeup rates than their respective wider provinces.
However this is not the case for Waterford and Limerick, though this may be due to the small number of observations in these cities. 
Estimates of geographically dierentiated competition in the Irish broadband market
The term competition is open to multiple interpretations. We choose to think of competition here as the action of competing for resources under equitable circumstances, a view of competition that is closer to the (intuitive) lexical sense of the term (Shepherd, 1990) , rather than the more abstract denition favoured by some economists for its neutral normative stance (e.g. see Shy, 1995) .
We entertain the scenario that the intensity of competition in the broadband supply market is a key determinant of take up. We identify three main mechanisms linking supply-side competition with the likelihood of technological adoption:
(i)
Through competitive price-setting ; the rationale here is that price competition reduces prot margins to a level that approximates efciency.
(ii)
By way of service dierentiation ; the presence of competitive actors may favour the introduction of heterogeneous services (e.g. delivery platforms) to cater for a wider spectrum of preferences. We acknowledge that the presence of many suppliers with respectable market shares does not guarantee that competition is taking place. It is conceivable that, among other things, collusion among suppliers may suspend competitive behaviour. However, in the given context we have no reason to believe that this may be the case; arguably the combination of a large number of ISPs (many of which are new entrants) and the high growth potential of the broadband market render the possibility of collusive practices remote. With the above considerations in mind, we employ three descriptive measures of market structure as our competition proxies:
(a) The number of ISPs that are active in every region, as evidenced by the survey. An ISP must have at least one customer to qualify as active in that region.
(b)
The Herndahl concentration index, dened as the sum of the squares of each ISP's percentile market share in every regional market. More specically, a Herndahl Index (HI) value may be calculated as: HI = n i (s 2 i ) where s i is the percentile market share of ISP i in the regional market, and n is the number of ISPs. Thus dened, HI can range from 0 to 10 000 with higher values implying a more concentrated market.
(c)
The number of equally sized ISPs that would generate the estimated HI. Calculated as the the inverse of HI, i.e. 10 000/HI .
A couple of provisos are in order at this point. The rst measure infers the supply of service ex post thus ensuring that no ISP is counted which has not oered its services in a given region . This is at the possible expense of underestimating the true number of suppliers active in that region, as its value is censored to those rms that participated in the survey. It is also worth noting that the second and third measures do not dier in substance. The distinction here is justied in conceptual grounds, as an aid to interpretation. Table 5 presents estimates of the three measures for each of the regional classications included in the survey, while gures 3 and 4 present the spatial arrangement of regional ISP markets and their respective HI values. Table 6 summarises the expected signs suggested by the above hypotheses. 
Modeling the Decision to Adopt
We assume the adoption (or non-adoption) state the rms are in at the time of the survey to be the result of a rational decision process. Company managers and IT procurement ocers weigh the benets of broadband against its costs and take a rational decision regarding adoption. While in reality decision makers are presented with a multitude of options (regarding platform, provider, specic product etc), here we narrow down the set of options to just two: adoption or non-adoption. Additionally, given the limitations of the data, a further two assumptions are implicit in our modelling exercise. Specically we assume that: While these assumptions should be kept in mind, we believe that they need not be restrictive. Given the multitude of technology platforms on oer, the possibility of universal availability is not remote. And since this study considers broadband in its entirety, it is reasonable, in the interest of tractability, to consider it as one homogeneous product. Granted, in practice, only few viable alternatives may be on oer; arguably though this variation is captured, in part, by our ex post supply-side proxies (suppno, eqsize, hndex ).
If we assume the variables in table 1 to represent supply-and demand-side determinants of adoption, then it should be possible to construct a simple explanatory model of company behaviour. Econometric estimation by means of a logit model is well suited to the study of technology adoption. As a qualitative model it is appropriate for the examination of dichotomous decisions.
Importantly, unlike similar models (e.g. probit), its logarithmic structure yields broadly understood odd ratios of the marginal eects of a unit's increase in each independent variable on the probability of adoption. As such the bivariate logit approach has been popular with cross-section (equilibrium) studies of diusion (e.g. see Sadowski et al., 2002) .
We may now consider the decision to adopt (Y i ) as a binary dependent variable whereby the independent variables (determinants of adoption) are subject to ranking (0,1,2,3...). Y i is modeled against a set of independent explanatory variables collectively referred to as X i . Y i can take the values of either 0 (indicating non-adoption) or 1 (indicating adoption). Hence, the probability distribution function of a company's decision to adopt will be: (1) (1) indicates the non-linear relationship between X i and Y i . One can now consider the following regression model:
It is therefore assumed that for each company i the decision to adopt (Y i ) is dependent on the values of k regressors X 2i ...X ki , plus a disturbance term u i .
Estimation
Theory and prior experience must inform the composition of X i . Prior to commencing econometric estimation we calculated bivariate correlation coecients (Pearson's r) between plausible determinants and our adoption dummy, thus charting the way towards viable candidates (reported in Appendix C). A rst full run of the model with sector-xed eects showed all the substantive variables to be statistically signicant. We attempted three such saturated specications (reported in Appendix A), each time substituting the various (mutually exclusive) competition proxies (hndex, suppno, eqsize ); all three measures were shown to be (individually) statistically signicant and with the expected signs.
In the end our competition proxy of choice was eqsize, as we felt it is conceptually easier to understand than hndex (thus aiding interpretation) while being richer in information content than suppno. This initial specication was subsequently narrowed down to a parsimonious model excluding statistically insignicant sector-xed eects, yielding: broadb = β 1 + β 2 fsize + β 3 eqsize + β 4 hint +β 5 remote_d +β 6 intern_r
The results of estimation are presented in table 7. Since our supply-side proxy (eqsize ) has been constructed using highly heterogeneous geographical units (cities/provinces) our estimates here may potentially suer from the modiable areal unit problem (MAUP) 10 . One usually applied check is to dissaggregate the oending variables to dierent geographical units and perform sensitivity analysis. However in the present case, such an approach is not feasible, given the the lack of ne geographic detail in the Com-Reg data. Instead, we perform a rather crude robustness check of our estimates by including proxies of a geographic unit's size (variables area_km : surface in square kilometers and population : headcount, both from CSO (2002)) in two separate specications reported in Appendix A (Table 11) ). These additional specications conrm that, after controlling for scale eects 11 , all the substantive variables are statistically signicant and demonstrate the same qualitative relationships with the dependent. Therefore, the interpretation that follows is based on the parsimonious specication (3).
To begin with, the coecients have no straightforward interpretation other than with regards to their sign: specication (3) Our ndings suggest that there is a strong negative association between regional market concentration and the probability of adoption. Interpeted mechanistically, the addition of another equally sized ISP (eqsize ) in one of Ireland's regional broadband markets would make a SME situated there twice as likely to takeup broadband. However, given that an ISPs decision to enter a regional market is almost certainly conditioned by manifested levels of demand (i.e. demand and supply are determined simultaneously ) we are unable to say what the precise direction of causality is.
In making more general inferences, additional caution is warranted given the small number of observations dedicated to each geographic unit; though many of these geographic units are large enough to contain thousands of SMEs the survey only samples a few dozen companies within each one. In addition, our study is limited to the level of geographic aggregation selected at the survey and is oblivious of variation within these rather sizeable geographic units. Therefore, results with regards to regional variation should be seen as holding true primarily to our sample, and any population inferences on the basis of these results are tentative. Having said that, we have no reason to believe that our sample is biased either, so it remains likely that the observed relationships do hold more broadly. Further research is needed to clarify this.
Finally, controlling statistically for other factors, the addition of another worker (fsize ) increases the likelihood of adoption just 1.01 times. This last nding is consistent with other work on the determinants of technology adoption (Geroski, 1995; Stoneman, 2001 ). As we control for various demand proxies, it is likely that fsize here captures other residual eects that correlate well with size, such as the company's ability to nance the implementation of broadband, which is not constrained to connection and line rental costs but also includes a baggage of associated infrastructure and training expenses.
Conclusions
In this paper we have tried to shed some light on the determinants of corporate broadband adoption in Ireland, and its considerable geographic variation in particular.
Though our study is based on small-scale survey at one point in time that does not allow rm inferences, there are good indications that the broadband market in Ireland is regionally fragmented. We have hopefully highlighted here that Ireland's digital divide is not dened solely by a dichotomous availability dimension, but rather comes in a variety of shades. Our analysis indicates that competition in the Irish ISP market is dierentiated regionally and that, controlling statistically for other factors, regionally dierentiated competition is associated with the likelihood of broadband adoption.
If the level of regional market concentration is indeed conditioning the like- In that respect, market structure statistics are important quantitative benchmarks of the supply-side at the regional level, a part of the broadband market that is not easy to gauge in a systematic manner. 
